Chemical investigation of the marine red alga Laurencia pinnata collected from Nanji Island of China resulted in the isolation and identification of three new eudesmane (selinane) sesquiterpenes, 1b-bromoselin-11-en-4a-ol (1), 1b-bromo-4a,5a-epoxyselinane (2), and 1b-bromoselin-3,11-diene (3), and one new 6,8-cycloeudesmane sesquiterpene, 1b-bromo-6,8-cycloselin-4(15)-ene (4), together with one known eudesmane sesquiterpene, 1bbromoselin-4(15),11-diene (5), two known chamigrane sesquiterpenes, 2,10-dibromo-3chlorochamigr-7-ene (6) and 2,10-dibromo-3-chlorochamigr-7-en-9-ol (7), one kahukuane diterpene, kahukuene B (8), and one parguerane diterpene, 15-bromoparguer-9(11)en-16-ol (9). These halogenated isolates were found in L. pinnata for the first time, and they support the taxonomic position of this species under the genus Laurencia. Eudesmane derivatives (1e5) are predominant and rarely reported from this genus, and they may be taken as chemotaxonomic markers for L. pinnata in the future.
Subject and source
Laurencia pinnata Yamada is a marine red alga belonging to the family Rhodomelaceae (order Ceramiales, class Rhodophyceae, and phylum Rhodophycota), which is also named Laurencia pinnatifida, that is mainly distributed in the Northwest Pacific Ocean, the West Pacific Ocean, the Indian Ocean, and the Mediterranean (Wang et al., 2013; Ji and Wang, 2014) . The algal sample (1e3 cm high, dark red) used in this experiment was collected from Nanji Island of China in May, 2007 and identified by the third author. A voucher specimen (HZ0705b) for inspection was deposited in the Institute of Oceanology, Chinese Academy of Sciences.
Previous work
Previous chemical studies on L pinnata have resulted in the discovery of more than thirty new secondary metabolites (Wang et al., 2013; Ji and Wang, 2014) , including five chamigrane and two laurane sesquiterpenes, such as pinnatazane, pinnatifidone, pinnatifenol, pinnatifinone, and pinnatifate (Gonz alez et al., 1984; Atta-ur-Rahman et al., 1988; Bano et al., 1988; Atta-ur-Rahman, 1989; Ali, 1991a, 1991b) ; eight diterpenes, pinnaterpenes AeC with an irieane skeleton, pinnatols AeD with a labdane skeleton, and prepinnaterpene (Fukuzawa et al., 1982 (Fukuzawa et al., , 1985a (Fukuzawa et al., , 1985b ; one polyether triterpene, dehydrothyrsiferol (Gonz alez et al., 1984) ; sixteen C 15 -acetogenins, such as laurepinnacin, isolaurepinnacin, E-dihydrorhodophytin, cis-pinnatifidenyne, trans-pinnatifidenyne, and pinnatifidine (Fukuzawa and Masamune, 1981; Gonz alez et al., 1982; Norte et al., 1989 Norte et al., , 1991 ; and two steroids, pinnasterol and acetylpinnasterol (Fukuzawa et al., 1981) .
Present study

Extraction and isolation
In our continuing investigation of the chemical diversity of Chinese Laurencia algae (Ji et al., 2007 (Ji et al., , 2008 , the marine red alga L. pinnata collected from Nanji Island of China was chemically examined. The dried and powdered algal material (90.0 g) was completely extracted with CHCl 3 followed by MeOH, and then the concentrated extracts were combined and partitioned between EtOAc and H 2 O. The EtOAc-soluble fraction (1.3 g) was subjected to silica gel column chromatography (CC) with a step-gradient solvent system of 0e100% EtOAc in petroleum ether (PE) to give five fractions (Frs. IeV). Fr. I was eluted with PE and further purified by silica gel CC (PE) to afford an inseparable mixture of compounds 3/4 (4.4 mg, 3:2), along with pure compounds 5 (2.1 mg) and 6 (4.0 mg). Fr. II was eluted with PE/EtOAc (30:1) and purified by silica gel CC (PE/EtOAc, 30:1) to give 9 (2.3 mg), and the residual part was purified by preparative TLC (PE/EtOAc, 10:1) to produce 2 (2.0 mg). Fr. III was eluted with PE/EtOAc (10:1) and further purified by preparative TLC (CHCl 3 ) to afford 8 (3.7 mg). Fr. IV was eluted with PE/EtOAc (5:1) and further purified by preparative TLC (CHCl 3 ) to yield 1 (2.2 mg) and 7 (1.5 mg).
Structure elucidation
The structures of the isolates (Fig. 1) were determined by the analyses of NMR and mass spectra and confirmed by comparison with literature data, comprising three new eudesmane (selinane) sesquiterpenes, 1b-bromoselin-11-en-4a-ol (1), 1b-bromo-4a,5a-epoxyselinane (2), and 1b-bromoselin-3,11-diene (3); one new 6,8-cycloeudesmane sesquiterpene, 1bbromo-6,8-cycloselin-4(15)-ene (4); three known sesquiterpenes, 1b-bromoselin-4(15),11-diene (5) (Ji et al., 2009 ), 2,10dibromo-3-chlorochamigr-7-ene (6) (Wright et al., 1991) , and 2,10-dibromo-3-chlorochamigr-7-en-9-ol (7) (Suzuki et al., 1988) ; and two known diterpenes, kahukuene B (8) (Brennan et al., 1993) and 15-bromoparguer-9(11)-en-16-ol (9) (Lyakhova et al., 2004) .
Compound 1 was obtained as a colourless oil. The EIMS spectrum exhibits a characteristic [MÀH 2 O] þ fragment ion cluster at m/z 284/282 (1:1), which suggests the presence of a bromine atom and a hydroxy group along with the IR absorption band at 3990 cm À1 . A molecular formula of C 15 H 25 BrO was determined by HRAPPIMS (m/z 300.1074 [M] þ , calcd. for C 15 H 25 79 BrO, 300.1088), requiring three degrees of unsaturation. The 1 H NMR spectrum (Table 1) displays three methyl singlets, one double doublet ascribable to a halogenated/oxygenated methine, and one broad singlet assignable to two olefinic protons. The 13 C NMR spectrum (Table 2) , along with DEPT and HSQC data, reveals the presence of three methyls, six methylenes, three methines, and three quaternary carbon atoms. A detailed NMR data comparison with those reported for cyperusol C reveals that 1 mainly differs from it at C-1 (d C 67.0 for 1 and 79.3 for cyperusol C) (Xu et al., 2004) , which was deduced to be brominated in 1 by its upfield-shifted resonance (Ji et al., 2009 ). The HMBC correlations from H-12 to C-7 and C-13, from H-13 to C-7, C-11, and C-12, from H-14 to C-1, C-5, C-9, and C-10, and from H-15 to C-3, C-4, and C-5 further confirm 1 to be 1bromoselin-11-en-4-ol. The large coupling constants for H-1 (11.5 Hz) and H-5 (12.3 Hz) suggest them to be axial. Furthermore, the NOE correlations of H-5 with H-1, H-7, and H-9a located them on the same face of the molecule, which also required the decalin ring to be trans-fused. Additionally, Me-14 and Me-15 were oriented to be co-facial by their NOE correlation.
Compound 2 was isolated as a colourless oil. The EIMS spectrum shows a molecular ion cluster at m/z 302/300 (1:1), suggesting the presence of a bromine atom. A molecular formula of C 15 H 25 BrO was given by HRAPPIMS (m/z 300.1085 [M] þ , calcd. for C 15 H2579BrO, 300.1088), indicating three degrees of unsaturation. The 1H NMR spectrum (Table 1) exhibits two methyl singlets, two methyl doublets, and one double doublet attributable to a halogenated/oxygenated methine. The 13C NMR spectrum (Table 2) displays fifteen resonances, which were sorted by DEPT and HSQC experiments to four methyls, five methylenes, three methines, and three quaternary carbon atoms. The 1He1H COSY correlations suggest the presence of two spin systems, eCHeCH 2 eCH 2 e (C-1 to C-3) and eCH 2 eCH(eCHe(CH 3 ) 2 )eCH 2 eCH 2 e (C-6 to C-9), and their connectivity at C-4, C-5, and C-10 is established by the HMBC correlations from H-14 to C-1, C-5, C-9, and C-10 and from H-15 to C-3, C-4, and C-5. Thus, 2 also features a eudesmane scaffold, and a 4,5-epoxy group was positioned by NMR data comparison with literature values (Li and Gao, 2005) . Moreover, C-1 was deduced to be brominated on the basis of its identical resonance with that of 1. The large coupling constant (12.3 Hz) for H-1 requires it to be axial, and it is syn to H-9a by their NOE correlation. The NOE correlation between H-7 and H-6b locates them on the same face of the molecule, while Me-14 and Me-15 are oriented on the other face by their NOE correlations with H-6a. Additionally, the anti orientation for H-1 and Me-14 was established by the NOE correlations between H-1/H-2a and between Me-14/H-2b. Thus, the above data indicate 2 to be 1b-bromo-4a,5aepoxyselinane.
Compounds 3/4 were obtained as a colourless oily mixture, and attempts to separate them by liquid chromatography failed due to their low polarity. However, GC-EIMS gave two peaks in the total ion current (TIC) profile, each with a molecular ion cluster at m/z 284/282 (1:1). Furthermore, a molecular formula of C 15 H 23 Br was assigned to them by HRAPPIMS (m/z 283.1071 [M þ H] þ , calcd. for C 15 H 24 79 Br, 283.1061), suggesting four degrees of unsaturation. Aided by 2D NMR experiments including 1 He 1 H COSY, HSQC, and HMBC, the 1 H and 13 C NMR data for 3/4 were well resolved, and their ratio was deduced to be 3:2 in the mixture by analysis of 1 H NMR data. The 1 H NMR spectrum (Table 1) of compound 3 shows three methyl singlets, one double doublet assignable to a halogenated methine, one broad singlet ascribable to two olefinic protons, and one broad singlet attributable to another olefinic proton. The 13 C NMR spectrum (Table 2) , along with DEPT and HSQC data, demonstrates the presence of three methyls, five methylenes, four methines, and three quaternary carbon atoms. Most of the above NMR data resemble those of 5, which reveals that they should possess the same B-ring and isopropenyl group (Ji et al., 2009) . Moreover, the connectivity of the Aring is established by the HMBC correlations from H-14 to C-1, C-5, C-9, and C-10 and from H-15 to C-3, C-4, and C-5 and the 1 He 1 H COSY correlations of H-2 with H-1 and H-3. The NOE correlations of H-5 with H-1, H-7, and H-9a orient them on the same face of the molecule, while Me-14 is placed on the other face by its NOE correlation with H-9b. Thus, compound 3 is established to be 1b-bromoselin-3,11-diene.
Apart from the signals for 3, the 13 C NMR spectrum displays another fifteen signals, corresponding to three methyls, four methylenes, six methines, and two quaternary carbon atoms (Table 2) . Thus, compound 4 might also be a sesquiterpene, and, aided by HSQC experiment, one methyl singlet, two methyl doublets, one double doublet attributable to a halogenated methine, and one broad singlet ascribable to two olefinic protons were assigned in the 1 H NMR spectrum (Table 1) . The above NMR data show close similarity to those of 6,8-cycloselin-4(15)-en-1b-ol, except for the resonance of C-1 (d C 61.3 for 4 and 77.2 for 6,8-cycloselin-4(15)-en-1-ol) (Yamamura et al., 1982) . Based on the identical chemical shift to that of 1b-bromo-6,8cycloselinan-4b-ol (Guella et al., 2002) , C-1 is proposed to be brominated. The HMBC correlations from H-14 to C-1, C-5, C-9, and C-10 and from H-12 and H-13 to C-7 and C-11 further confirm 4 to be 1-bromo-6,8-cycloselin-4(15)-ene. Its relative configurations at C-1, C-5, C-6, C-7, C-8, and C-10 are deduced to be the same as those of 6,8-cycloselin-4(15)-en-1b-ol and 1bbromo-6,8-cycloselinan-4b-ol by NMR data comparison, which is verified by the NOE correlations of H-5 with H-1 and H-7 and of H-14 with H-6 and H-8.
Chemotaxonomic significance
Marine red algae of the genus Laurencia are characteristic for the presence of halogenated terpenes and C 15 -acetogenins (Wang et al., 2013) . Among them, L. pinnata collected from different areas often features much individual variation, especially in height (Ding, 2003) . Correspondingly, its secondary metabolites also vary with location. Compounds 1e9 are obtained from L. pinnata for the first time, and the abundance of halogenated sesquiterpenes and diterpenes supports the taxonomic position of this alga under the genus Laurencia. These isolates can be divided into five types, including eudesmane (1e3 and 5), 6,8-cycloeudesmane (4), chamigrane (6 and 7), kahukuane (8), and parguerane (9). Among them, only chamigrane sesquiterpenes have previously been reported from this species, which suggests the specialty of our sample. In addition, eudesmane derivatives are predominant in the constituents, and they, together with chamigrane and parguerane terpenes, also appear in Laurencia filiformis. Their occurrence in both L. pinnata and L. filiformis seemingly implies a close phylogenetic relationship between these two species. However, L. pinnata morphologically differs from L. filiformis, which is usually 5e15 cm high and features loose and slender branches (Saito and Womersley, 1974) . Eudesmane derivatives have also been isolated from Laurencia intricata, Laurencia microcladia, Laurencia composita, and other two unidentified species (Li et al., 2012; Wang et al., 2013) , but most of them are not the main constituents. Thus, the abundant eudesmane derivatives may be taken as chemotaxonomic markers for L. pinnata in the future, especially for samples with short thalli collected from the West Pacific Ocean.
